Five strains of PrevoteUla intermedia were examined for their ability to coaggregate with various grampositive and gram-negative species of oral bacteria. Two of the P. intermedia strains coaggregated with selected Actinomyces species, P. intermedia 27 with Actinomyces viscosus T14V and Actinomyces naeslundii ATCC 12104, PK606, PK984, and PK947, and P. intermedia 113 with Actinomyces odontolyticus WVU 1546 and Actinomyces israelii WVU 838. Exposure of both PrevoteUla strains but not the Actinomyces strains to heat, trypsin, or proteinase K abolished most coaggregations. All pairs were disaggregated by the addition of sodium dodecyl sulfate, but only those coaggregations involving P. intermedia 113 were reversed by the addition of 2.0 M urea. P. intermedia 27 was sensitive to periodate oxidation, whereas the partner strains were stable to this treatment. Most coaggregations occurred in the presence of saliva; however, reactions involving P. intermedia 27 were not as strong as those of buffer-suspended cells. Treatment of both P. intermedia 113 coaggregations pairs with proteinase K and the results obtained from suspension of these pairs in saliva suggest that different surface molecules of this P. intermedia strain may mediate each of these coaggregations. These data suggest that all of these coaggregations involve either a protein or glycoprotein on the Prevotella strain, which may interact with carbohydrates or carbohydrate-containing molecules on the surface of the Actinomyces strain.
Numerous investigations have strongly suggested a role for Prevotella intermedia (formerly Bacteroides intermedius) in periodontal disease pathogenesis (4, (13) (14) (15) . This organism has received particular attention because it is frequently isolated from periodontal lesions and is presumed to be associated with early-onset periodontitis (14) and acute necrotizing ulcerative gingivitis (13) . Although some studies have focused on the interaction of P. intermedia with gingival epithelial cells and erythrocytes (4, 12) , relatively little work has been done on elucidating the mechanisms by which these organisms participate in intergeneric bacterial aggregations with other organisms that are resident in the oral cavity (6, 10, 11) .
Leung and coworkers (12) have reported that the surface appendages of various clinical isolates of P. intermedia were morphologically distinguishable from one another when examined by electron microscopy. They proposed that the structural differences between these surface appendages may relate to the ability of these strains to hemagglutinate and bind to buccal epithelial cells. In the present communication, we consider a different aspect of two of these P. intermedia strains, by examining in vitro the mechanisms by which these organisms are able to coaggregate with selected gram-positive bacteria. The potential for these types of interactions to occur in vivo may contribute to the ability of these organisms to colonize the oral environment.
MATERIALS AND METHODS
Bacterial strains and growth conditions. The strains used in this study and their sources are listed in ATCC 25611 DNA hybridization group (7, 8) . All strains except P. intermedia, Actinobacillus actinomycetemcomitans Y4, and Eikenella corrodens 17-43 were maintained as multiple frozen stocks in Trypticase soy broth (BBL, Cockeysville, Md.) containing 20% glycerol at -80°C. P. intermedia strains were maintained as described previously (12) . E. corrodens 17-43 was maintained in mycoplasma broth base (BBL) with 2.5% dimethyl sulfoxide. A. actinomycetemcomitans Y4 was stored in a broth medium consisting of 0.5% yeast extract, 1.5% trypticase peptone, 0.05% sodium thioglycolate, 0.8% NaHCO3, 0.075% L-cysteine, and 0.5% glucose with 2.5% dimethyl sulfoxide. P. intermedia strains, A. actinomycetemcomitans Y4, both Actinomyces israelii strains, and Actinomyces odontolyticus WV'U 1546 were grown in Todd-Hewitt broth (THB) supplemented with hemin and menadione in an atmosphere consisting of 85% N2, 10% H2, and 5% CO2 until turbid. E. corrodens 17-43 was grown in a 12% CO2 atmosphere at 37°C in the same medium. All other strains were grown aerobically in THB at 37°C until turbid. Heat and protease treatment. Exposure of P. intermedia 27 to heat was sufficient to completely inhibit coaggregation with each of its partner strains; similar treatment of the actinomycete partner alone had no effect on any of the reactions (Table 2) . Likewise, coaggregation of P. intennedia 113 with A. odontolyticus WVU 1546 and A. israelii WVU 838 was totally abolished by heat treatment of the P. intennedia strain but not by heat treatment of the partner. Similar results were obtained after trypsin treatment of P. intennedia 27 and P. intermedia 113, the treatment causing a partial reduction in the ability of these strains to coaggregate with their untreated partners except for the P. intermedia 113-A. israelii WVU 838 coaggregation, which was inhibited completely ( Table 2) . Treatment of the actinomycete partner had no effect on any of these coaggregations. Similarly, proteinase K treatment of P. intermedia 27 but not of the partner strains inhibited coaggregation ( Effect of various treatments on coaggregation. Addition of the anionic detergent SDS to a concentration of 0.1% was sufficient to cause visible disaggregation of all coaggregated pairs (Table 3) . However, none of the coaggregates were affected by the addition of the nonionic detergent Triton X-100, even at concentrations as high as 1.0%. The addition of 2.0 M urea to P. intermedia 113 paired with either A. odontolyticus WVU 1546 orA. israelii WVU 838 completely reversed these interactions (Table 3) . Removal of urea from the coaggregates by washing with coaggregation buffer restored each of these reactions to control levels. Urea treatment of P. intermedia 27 coaggregates had no discernible effect on the degree of coaggregation. None of the sugars tested were capable of reversing the coaggregations.
Periodate oxidation of P. intermedia 27 destroyed the ability of this strain to coaggregate with any of the untreated partner strains (Table 3) ; however, similar treatment of each of the partners did not affect the coaggregation when they were mixed with untreated P. intennedia 27. The effect of periodate oxidation on coaggregations involving P. intermedia 113 and its partner strains could not be determined because of significant clumping when this reagent was added to cell suspensions of this strain.
Effect of saliva on coaggregation. The addition of whole saliva to either centrifuged coaggregates of P. intermedia 27 and each of its partners or suspensions of each partner before mixing of the two strains resulted in a significant inhibition of coaggregation (Table 3 ). However, when P. intennedia 113 was examined for its ability to coaggregate with A. odontolyticus WVU 1546 in the presence of saliva, total inhibition was observed. In contrast, the addition of saliva to P. intermedia 113 and A. israelii WVU 838 either before or after mixing had no effect on the degree of coaggregation.
DISCUSSION
The purpose of this study was to determine the range of potential partners for selected P. internedia strains, as well as to begin to define what molecules may mediate these intergeneric unions. The majority of the reactions studied here revealed that the surface of both of the P. intennedia strains possesses a heat-and protease-sensitive component that allows coaggregation with the relevant partner, whereas the partner strain was unaffected by these treatments. These results suggest an interaction of proteinaceous molecules on the surface of the P. intermedia strain, perhaps with carbohydrate or carbohydrate-containing receptor molecules on the surface of the partner. Exposure of P. intermedia 113 to totally inhibited by the addition of saliva. This is not surprising, given that this coaggregation appeared weaker when carried out in buffer than those involving P. intermedia 27 (see Table 3 ), although it cannot be ruled out that coaggregates may form at the microscopic level.
The relatively minor variations in responses that were observed when the two P. intermedia strains and their partners were subjected to the same physical and chemical treatments may reflect subtle differences in the surface structures that mediate these interactions or may indicate that unique molecules are responsible for mediating each type of coaggregation. For example, P. intermedia 27 interactions with its actinomycete partners appear to be similar to those of P. intermedia 113 with A. odontolyticus WVU 1546 or A. israelii WVU 838 except for the inability of the P. intermedia 27 coaggregations to be reversed by the addition of urea. Both types of interactions appear to involve a protein or glycoprotein on the surface of the P. intermedia strain that may be recognized by a carbohydrate component on the partner strain. It is apparent that additional studies are needed to more precisely define the surface molecules that mediate these types of interactions.
